A Gram-stain-negative, non-motile, rod-or coccoid-shaped bacterial strain, designated T , belonging to the class Alphaproteobacteria, was isolated from a tidal flat sediment of the Yellow Sea, Korea, and was subjected to a polyphasic taxonomic study. Strain HD-22 T grew optimally at pH 7.0-8.0, at 25 6C and in the presence of 2-3 % (w/v) NaCl. Neighbour-joining, maximumlikelihood and maximum-parsimony phylogenetic trees based on 16S rRNA gene sequences showed that strain HD-22 T fell within the clade comprising species of the genus Jannaschia,
The genus Jannaschia, a member of the class Alphaproteobacteria, was created by Wagner-Döbler et al. (2003) with the description of a single species, Jannaschia helgolandensis. Subsequently, Jannaschia cystaugens (Adachi et al., 2004) , Jannaschia rubra (Macián et al., 2005) , Jannaschia seosinensis (Choi et al., 2006) , Jannaschia donghaensis (Yoon et al., 2007) , Jannaschia pohangensis (Kim et al., 2008) , Jannaschia seohaensis (Yoon et al., 2010) and Jannaschia aquimarina (Park & Yoon, 2012) were described. However, J. cystaugens was reclassified as a synonym of Thalassobacter stenotrophicus by Pujalte et al. (2005) . In this study, we describe a bacterial strain, designated T , which was isolated from a tidal flat sediment of the Yellow Sea, Korea. Comparative 16S rRNA gene sequence analysis indicated that this strain was phylogenetically most closely related to members of the genus Jannaschia. The aim of the present work was to determine the exact taxonomic position of strain T by using a polyphasic characterization that included determination of chemotaxonomic and other phenotypic properties, a detailed phylogenetic investigation based on 16S rRNA gene sequences and DNA-DNA hybridization.
Strain HD-22 T was isolated from a tidal flat sediment of Hwang-do by means of the standard dilution plating technique at 25 u C on marine agar 2216 (MA; BD Difco) and cultivated routinely under the same conditions. J. helgolandensis DSM 14858 T , J. donghaensis DSW-17 T and J. rubra DSM 16279
T were used as reference strains for DNA-DNA hybridization, the analyses of fatty acids and polar lipids, and phenotypic characterization. Cell morphology was examined by using light microscopy (BX51; Olympus) and transmission electron microscopy (JEM1010; JEOL). To assess flagellation, cells from an exponentially growing MA culture were negatively stained with 1 % (w/v) phosphotungstic acid and the grids were examined after being air-dried. The Gram reaction was investigated using the bioMérieux Gram stain kit according to the manufacturer's instructions. Growth under anaerobic conditions was IP: 54.70.40.11
On: Thu, 10 Jan 2019 02:07:50 determined after incubation for 10 days in an anaerobic jar (MGC) with AnaeroPack (MGC) on MA; the jar was kept overnight at 4 uC to create anoxic conditions before incubation at 25 u C. Growth at 4, 10, 20, 25, 30, 34, 35 and 37 u C was observed on MA to measure optimal temperature and temperature range for growth. The pH range for growth was determined in marine broth 2216 (MB; BD Difco) that was adjusted to various pH values (pH 4.5-9.5, using increments of 0.5 pH units) by using sodium acetate/acetic acid and Na 2 CO 3 buffers. The pH values were verified after autoclaving. Growth in the absence of NaCl and in the presence of 0.5, 1.0, 2.0 and 3.0 (w/v) NaCl was investigated in trypticase soy broth prepared according to the formula of the BD Bacto medium except that NaCl was excluded and that 0.45 % (w/v) MgCl 2 . 6H 2 O was added. Growth in the presence of 2.0-11.0 % (w/v) NaCl (final concentration, at increments of 1.0 %) was investigated in MB. Catalase and oxidase activities were determined as described by Lányí (1987) . Hydrolysis of casein, starch, hypoxanthine, tyrosine and xanthine was tested on MA, using the substrate concentrations described by Barrow & Feltham (1993) . Hydrolysis of aesculin and Tweens 20, 40, 60 and 80 and nitrate reduction were investigated as described by Lányí (1987) with the modification that artificial seawater was used for the preparation of media. Hydrolysis of gelatin and urea was investigated by using nutrient gelatin and urea agar base media (BD), respectively, with the modification that artificial seawater was used for the preparation of media. (Bruns et al., 2001) . Acid production from carbohydrates was tested as described by Leifson (1963) . Utilization of substrates as sole carbon and energy sources was tested as described by Baumann & Baumann (1981) , using supplementation with 2 % (v/v) Hutner's mineral base (Cohen-Bazire et al., 1957) and 1 % (v/v) vitamin solution (Staley, 1968) . Susceptibility to antibiotics was investigated by spreading a bacterial suspension on MA and applying antibiotic discs (Advantec) impregnated with the following (mg per disc unless otherwise stated): ampicillin (10), carbenicillin (100), cephalothin (30), chloramphenicol (100), gentamicin (30), kanamycin (30), lincomycin (15), neomycin (30), novobiocin (5), oleandomycin (15), penicillin G (20 U), polymyxin B (100 U), streptomycin (50) and tetracycline (30). Enzyme activities were determined, after incubation for 8 h at 25 u C, by using the API ZYM system (bioMérieux). For spectral analysis of in vivo pigment absorption, strain HD-22
T was cultivated aerobically in the dark at 25 u C in MB. The culture was washed twice using centrifugation with a MOPS buffer (MOPS/NaOH, 0.01 M; KCl, 0.1 M; MgCl 2 , 0.001 M; pH 7.5) and disrupted by means of sonication (VC 505; Sonics). After removal of cell debris by centrifugation, the absorption spectrum of the supernatant was examined on an Eon Microplate Spectrophotometer (Biotek).
Cell biomass of strain HD-22 T for DNA extraction and for analyses of isoprenoid quinones and polar lipids was obtained from cultures grown for 3 days at 25 u C in MB. Cell mass of J. helgolandensis DSM 14858 T , J. donghaensis DSW-17 T and J. rubra DSM 16279 T for DNA extraction and for polar lipid analysis was obtained from cultures grown for 3 days at 25 uC in MB. Chromosomal DNA was isolated and purified according to the method described by Yoon et al. (1996) , with the exception that RNase T1 was used in combination with RNase A to minimize the , the type strains of recognized species of the genus Jannaschia and representatives of some other related taxa. Bootstrap values (expressed as percentages of 1000 replications) greater than 50 % are shown at branch points. Filled circles indicate that the corresponding nodes were also recovered in the trees generated with the maximum-likelihood and maximum-parsimony algorithms, while open circles indicate that the corresponding nodes were also recovered in the tree generated with one of these algorithms. Stappia stellulata IAM 12621 T (GenBank accession no. D88525) was used as an outgroup (not shown). Bar, 0.01 substitutions per nucleotide position.
contamination of RNA. The 16S rRNA gene was amplified by PCR as described previously (Yoon et al., 1998) using two universal primers, 9F (59-GAGTTTGATCCTGGCT-CAG-39) and 1512R (59-AGAAAGGAGGTGATCCAGCC-39), and the PCR products were purified by using a QIAquick PCR purification kit (Qiagen). Sequencing of the amplified 16S rRNA gene and phylogenetic analysis were performed as described by Yoon et al. (2003) . The identification of phylogenetic neighbours was achieved using the EzTaxon server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Isoprenoid quinones were extracted according to the method of Komagata & Suzuki (1987) and analysed using reversed-phase HPLC with a YMC ODS-A (25064.6 mm) column. The isoprenoid quinones were eluted by a mixture of methanol/2-propanol (2 : 1, v/v), using a flow rate of 1 ml min 21 at room temperature and detected by UV absorbance at 275 nm. For cellular fatty acid analysis, cell mass of strain HD-22 T , J. helgolandensis DSM 14858 T , J. donghaensis DSW-17 T and J. rubra DSM 16279 T was harvested from MA plates after cultivation for 5 days at 25 u C. Fatty acids were saponified, methylated and extracted using the standard protocol of the MIDI system (Sherlock Microbial Identification System, version 6.1). The fatty acids were analysed by GC (6890; Hewlett Packard) and identified by using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Polar lipids were extracted in accordance with the procedures described by Minnikin et al. (1984) , and separated by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6: 1.8, by vol.) for the second dimension. Individual polar lipids were identified by spraying with phosphomolybdic acid, molybdenum blue, ninhydrin and a-naphthol reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) and with Dragendorff's reagent. The DNA G+C content was determined by the method of Tamaoka & Komagata (1984) with the modification that DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC with a YMC ODS-A (25064.6 mm) column. The nucleotides were eluted by a mixture of 0.55 M NH 4 H 2 PO 4 (pH 4.0) and acetonitrile (40 : 1, v/v), using a flow rate of 1 ml min 21 at room temperature, and were detected by UV absorbance at 270 nm. DNA-DNA hybridization was performed fluorometrically by the method of Ezaki et al. (1989) using photobiotin-labelled DNA probes and microdilution wells. Hybridization was performed with five replications for each sample. The highest and lowest values obtained for each sample were excluded, and the means of the remaining three values were quoted as DNA-DNA relatedness values. The DNA of strain T was used a labelled DNA probe for hybridization.
The morphological, cultural, physiological and biochemical characteristics of strain HD-22 T are given in the species description (see below) or in Table 1 . Sonicated in vivo cell extracts of strain T showed no absorption maximum, indicating that it does not produce bacteriochlorophyll a aerobically in the dark. The almost-complete 16S rRNA gene sequence of strain T comprised 1422 nt. In the phylogenetic tree reconstructed using the neighbourjoining algorithm, strain T fell within the clade comprising species of the genus Jannaschia, clustering with the type strains of J. helgolandensis, J. donghaensis and J. rubra supported by bootstrap resampling values of 53.8-88.9 % (Fig. 1) . The relationship between strain HD-22 T and the genus Jannaschia was also found in the trees reconstructed using the maximum-likelihood and maximum-parsimony algorithms (Fig. 1) . Strain HD-22
T exhibited 16S rRNA gene sequence similarity values of 98.2, 98.0 and 97.6 % with J. helgolandensis Hel 10 T , J. donghaensis DSW-17 T and J. rubra 4SM3 T , respectively, and of 94.4-97.5 % with the type strains of other species of PC, phosphatidylcholine; PG, phosphatidylglycerol; PE, phosphatidylethanolamine; AL1 and 2, unidentified aminolipids; APL1 and 2, unidentified aminophospholipids; L1 and 2, unidentified lipids.
three phylogenetically most closely related species of the genus Jannaschia by differences in several phenotypic characteristics, including hydrolysis of urea, gelatin and Tween 80, utilization of some substrates, activity of several enzymes and susceptibility to several antibiotics, and in the proportions of some fatty acid and in the profiles of polar lipids (Tables 1 and 2 , Fig. 2 ). These differences, in combination with phylogenetic and genetic distinctiveness, are sufficient to show that the novel strain is separate from all recognized species of the genus Jannaschia (Wayne et al., 1987; Stackebrandt & Goebel, 1994) . Therefore, on the basis of the data presented, strain HD-22 T should be classified as representing a novel species of the genus Jannaschia, for which the name Jannaschia faecimaris sp. nov. is proposed.
Description of Jannaschia faecimaris sp. nov.
Jannaschia faecimaris (fae.ci.ma9ris. L. fem. n. faex, faeci sediment; L. gen. n. maris of the sea; N.L. gen. n. faecimaris of sediment of the sea).
Cells are Gram-stain-negative, non-motile and rod-or coccoid-shaped, 0.5-1.0 mm in diameter and 0.5-7.0 mm in length. Colonies on MA are circular, convex, smooth, glistening, pale orange-yellow and 0.3-1.5 mm after incubation for 5 days at 25 u C. Optimal growth temperature is 25 u C; growth occurs at 4 and 35 u C, but not at 37 u C. Optimal pH for growth is between 7.0 and 8.0; growth occurs at pH 5.5, but not at pH 5.0. Optimal growth occurs in the presence of 2-3 % (w/v) NaCl. Growth occurs in the presence of 0-10.0 % (w/v) NaCl. Susceptible to ampicillin, carbenicillin, cephalothin, chloramphenicol, gentamicin, kanamycin, neomycin, novobiocin, oleandomycin, penicillin G, polymyxin B, streptomycin and tetracyclin, but not to lincomycin. In assays with the API ZYM system, esterase lipase (C8), leucine arylamidase and acid phosphatase activities are present, but alkaline phosphatase, esterase (C4), lipase (C14), valine arylamidase, cysteine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, bglucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities are absent. Bacteriochlorophyll a is not produced. The predominant ubiquinone is Q-10. The major fatty acid (.10 % of the total) is summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c). The major polar lipids are phosphatidylcholine, phosphatidylglycerol and phosphatidylethanolamine.
The type strain, T (5KCTC 32179 T 5CCUG 63415 T ), was isolated from a tidal flat sediment of Hwang-do, an island of Korea. The DNA G+C content of the type strain is 64.6 mol% (determined by HPLC).
